The priceof a CEDIA determination of vitamin B,2 and folate is -$8.50 per sample, whereas the radioassay costs -$3.50. Advantages of the CEDIA over the radioassay are that laboratory personnel are not exposed to ionizing radiation from the radionucides used, duplicates of samples can or tray (3,19) , or capping the
of diagnostic equipment (9- ) and take proactive steps to reduce all sources of analytical error.
Evaporative loss is one source of analytical error that must be minimized in light of the new CLIA-88 regulations. For example, to achieve a passing grade for a proficiency testing (PT) chal'enge for serum sodium, a laboratory must report a measured value that falls within a range defined by the target value ±4 mmol/L (12). Thus, if a PT sample has a sodium concentration of 140 mmolJL, an evaporative loss of only 3% will lead to overestimation of the sodium concentration and failure of the PT challenge.
Various measures have been used to minimize the effect of sample evaporation on analyticalerror. These include minimizing the residence time of the sample in its cup (15, 16); selecting a sample cup with optimal geometry (5); maintaining an optimal liquid level within the cup (4, 5) ; and protecting the surface of the sample. Techniques used in this latter category include layering the sample surface with silicone oil (17, 18) , protecting the sample surfaces by placing a cover over the entire sample carousel or tray ( 3,19) , or capping the individualsample cups (15, (20) (21) (22) (23) 
where Z = height of stagnant airmass (i.e., the vertical distance from the surface of the air-liquid interface to the top of the sample cup), cm; A = area of sample cup at the liquid-air interface, cm2; and (RH = relative humidity, %), atm. (27) . In the cup-cover situation illustrated in Figure 1 , the total resistance to mass transfer is composed of two components: the volume of air located over the sample in the cup and the airspace defined by the internal dimensions of the chimney of the cover. Thus, the total resistance (RT) to mass transfer (i.e., evaporative loss)
can be described as
R2, the resistanceof the chimney, is easily calculated because its inner volume is a cylindrical tube. Therefore,
where Z = vertical height of chimney, cm; and d = inner diameter of chimney, cm.
However, the cup resistance, R1, is more difficult to calculate because the vapor rising from the surface of the liquid sample must pass through the headspace in the cup and out the aperture of the anti-evaporative cover on its way to the atmosphere. Fitting the experimental data (as presented later in Results) to various types of cylindrical and conical geometries demonstrated that the cup resistance could best be approximated by assuming a conical geometry for the path of the vapor as it diffuses out through the headspace of the (1) cup. Therefore,
where Z1 = verticaldistancefrom liquid surface to the top of cup, cm; and d1 = inner diameter of cup, cm.
Evaporative loss would then be proportionalto the (2) reciprocalof the total resistance:
Substituting from equations 5 and 6 into equation 7 , the evaporative loss becomes
We then used this model to describe and confirm the effectiveness of the new anti-evaporative covers in mmiimzing the evaporative lossesfrom sample cups under various environmental conditions.
Resufts Effectivenessof Anti-Evaporative Covers
Resultsobtained from the gravimetric studies demonstrated that the anti-evaporative covers were effective in reducing evaporative loss from the 500-and 2000-iL sample cups filled with different volumes of water. As Tables 2 and 3 Tables 2 and 3 show, the evaporative losses from the various sample-cup combinations systematically
decreased as the chimney heights were increased and their inner diameters decreased. For example, as shown in Figure 2 for the 1000/2000-L sample volume/cup volume combination, the evaporative loss decreased from 1.7%/h for an uncovered cup to 0.2%, 0.1%, 0.05%, and 0.03%/h when the chimney height of the cover was increased to 2, 12, 24, and 36 mm, respectively. As Figure 2 also shows, the evaporative losses were significantly reduced when the inner diameter of a 12-mmhigh chimney was reduced from 10 to 1 mm, the measured evaporative loss for a 1- Figure 3 for the same 1000/2000-giL combination, the sodium concentration from the uncovered cup after 48 h increased from Note that we conducted the analytical experiments for 48 h so that we could obtain measurable changes in sodium concentration. In routine laboratory operation, the time that samples would be expected to remain in their cups would range from 1 to 8 h. By extrapolating the 48-h data to an 8-h interval, the sodium concentrations for the 2-, 12-, 24- , and 36-mm-high chimneys would be 147.3, 145.9, 145.0, and 144.9 mmol/L, respectively. As is evident in Table 4 and Figure 3 , decreasing the sizeof the aperture of the chimney was also effective in reducing the increase in sodium concentration attributable to evaporation.
Verificationof the Resistance Model
As described by equation 8, the modified evaporative model predicts that the magnitude of the evaporative loss from a covered sample cup is inverselyproportional to the sum of the resistances to the mass transfer of vapor through the columns of stagnant airlocatedabove the sample in the cup and cover. To test this assumption, we calculated the total resistance for each of the cup-volume-cover combinations listed in Tables 2-4 and plotted their reciprocals vs the experimentally measured evaporative loss for each combination. As pre- It is also evident that the resistance due to the cover predominates over that due to the cup and ranges from 73% to 98% for the taller and narrower chimneys.
Discussion
The results summarized in Tables 2-4 and displayed in Figures 2 and 3 demonstrate that the new antievaporative cover effectively reduces evaporative losses from sample cups. Such losses can be reduced to negligible amounts by controlling the height and inner diameter of the chimney on the cover. In actual practice, the utility and applicability of the anti-evaporative cover will depend on the physical dimensions of the cup-cover combination relative to the spatial requirements of the sample probe as it is inserted through the cover into the cup contents and subsequently removed.
In addition, the physical dimensions of the sampling probe itself must be considered.
The fact that both the height and the inner diameter of the chimney can be adjusted to control evaporative 772 CLINICALCHEMISTRY, Vol.38, No.5, 1992 CHIMNEY DIAMETER DATA losses provides flexibility to an engineer when designing an anti-evaporative cover for cups for use with specific analytical samples. For example, ifa particular system has limited space over its sampling compartment and a tight movement of the sampling probe into and out of the sample cup, a short chimney having a narrow inner diameter can be used. On the other hand, if space is not limiting, the height of the cover can be increased. The need for increasing the chimney height to cornpensate for widening its diameter is ofparticular importance when a liquid-level sensing device is integrated into a sampling probe. Several analytical systems now use this type of sampling probe; in general, its crosssectional diameter is greater than that ofa conventional probe. Thus, the design of an anti-evaporative cover for liquid-level sensing probes would require a wider diemeter and a compensative increase in the chimney height. Where a liquid-level sensor is used and the space requirements of the sampling probe are extremely tight, the option ofincreasing the chimney height over the cup may be compromised. In such cases, one can still control evaporation loss by increasing the chimney height via insertion of the chimney into the inner space of the cup (Figure 6 ). In such cases, the sample cup should be only one-half to three-quarters filled (5) . Also, systems that use a liquid-sensing probe may have greater problems with sample evaporation than do systems in which the probe samples from the bottom of the cup. Because greater near this interface, creating a concentration gradient vertically across the height of the liquid in the cup. Therefore, systems with probes that sample just beneath the surface of a sample should exhibit a greater analytical effect due to evaporation than do those whose probes sample at a greater depth in the sample cup.
As discussed earlier, manufacturers of automated analyticalsystems and laboratorians who use the systems have been aware of and concerned about the impact of sample evaporation or analytical error. However, with the continuing trend toward systems having rnicrovolume capabilities and sample management schemes requiring batch processing and computerscheduled analysis, we can anticipate that sample evaporation will continue to be a problem. In addition, the new CLIA-88 regulations (12) will require us to pay attention to all sources of analytical error, including evaporation, and take active steps to reduce them, given the substantial penalties for failure. Sample evaporation can now be practically eliminated as a source of concern by the use of an anti-evaporative cover, which reducesevaporative loss to an amount that is practically of no significance during a routine workday. In fact, by adjusting the physical dimensions of the chimney of the cover, aliquots of sample and reagent can be left in their containers for several hours or even days without a significant evaporative loss. Thus, analysts will be able Fig.6 . Cross-sectIonal view of a second versionof the anti-evaporative cover Thiscoverwouldbe useful In situations when the available height above the cup Is limited. With its use, evaporation Ices can be controlled by increasing chimney height, but the needed kcrease In height is achievedby insertingthe "internal" chimney down into the to intersperse PT samples randomly throughout a typical analytical run, with the resultthat the probability of time-related analytical errors such as evaporation occurring in the PT sample will be the same as that for the patients' samples. This feature of the new cover is quite important because the CLIA regulations (12) mandate that PT and patients' samples be processed and analyzed in exactly the same mflnner. Further, the regulations require the analyst to attest to and document that this has occurred.
In summary, we have designed an anti-evaporative cover for use with individual sample and reagent containers and have demonstrated that evaporative loss can be reduced to <0.1%/h with their use. Although very effective in function, the new cover is simple in design and should be easily and inexpensively manufacturable with use of available plastic molding or extrusion techniques. In addition, the design of the new cover provides access to the surface of a liquid because it has an open path to the surface; therefore, a sampling probe can be inserted through and removed from the cover without having to puncture a membrane or a covering lid. Theoretically, the anti-evaporative effectiveness of the new cover is related to the increased resistance its design provides to mase transfer, which reduces the diffusion of vapor through the headspace within the cup and cover. The magmtude of this resistance can be controlled by increasing the height or by decreasing the diameter of the cover chimney. With the use of such covers, samples of specimens or reagents can be left in their cups or containers for long periods (e.g., 13 to 130 h) before evaporation loss will result in an appreciable change in the concentration or activity of an analyte in the liquid.
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